Background: Intensive speech therapy improves language function in patients with chronic aphasia, although treatment in the acute phase is more effective than in the chronic phase. Unfortunately, most patients with stroke go untreated due to socioeconomic problems. This study was performed to develop and test a speech therapy-based telerehabilitation program (iAphasia), suitable for use on a mobile device platform, which would expand access to therapy to patients who frequently go untreated. Subjects and Methods: We enrolled 8 patients with chronic poststroke aphasia to receive therapy via our iPad Ò (Apple, Cupertino, CA)-based telespeech
Introduction

B
etween 24% and 30% of the patients suffer from various types of aphasia following stroke, and the degree of recovery varies among patients.
1,2 Aphasia is not only problematic in daily life for patients with stroke, but is also a key prognostic factor for their functional outcome. 3 The greatest amount of spontaneous recovery in aphasia occurs in the first 3 months following stroke, but then the rate of recovery slows, and little additional spontaneous recovery can be expected after the first year. 4, 5 Speech therapy for aphasia effectively promotes the recovery of functional communication, receptive language, and expressive language. 6 However, the effectiveness of treatment is expected to be less in the chronic stage than in the acute stage. 7 There is a strong relationship between the intensity of aphasia therapy and subsequent recovery, so providing high-intensity aphasia therapy to patients in the chronic phase is essential for maximal recovery. 8 Patients with stroke usually have motor impairments due to weakness, balance problems, and poor general health. They frequently have difficulty traveling to a clinic or institute because of such disabilities, or sometimes even because of lengthy travel time. Many patients who live in distant locations, or who have transportation challenges, are undertreated or completely untreated. Moreover, socioeconomic difficulties and poor familial support can hinder patients' ability to get treatment. To remove these barriers, there has been increased interest in assistance from information and communication technologies in the field of rehabilitation medicine, especially aphasia therapy. 9 Recent literature reviewed various trials of telerehabilitation for patients with aphasia in aspects of assessment and treatment. Most studies were conducted in the patient's own home environment with personal computer (PC)-based videoconferencing or teleconferencing systems. 10 Mobile devices such as the iPad have enormous potential for personalized home therapeutic practice, as well as for interactive communication between patients and clinicians. Penetration of smartphones and tablet PCs into the general population is soaring. Therefore, the development of a telerehabilitation program using a mobile device is necessary. The objective of our study was to develop such a telerehabilitation program for chronic aphasia following stroke that is usable on a mobile device. In addition, we evaluated the feasibility and effectiveness of this telerehabilitation program in chronic aphasia therapy.
Materials and Methods
PARTICIPANTS
Eight patients with chronic poststroke aphasia (4 males, 4 females) ranging in age from 37 to 62 years (mean age, 50.75 years) were recruited from an outpatient rehabilitation clinic in a university hospital from February to December 2013. Of these, 4 patients had suffered left middle cerebral artery infarction, and 4 patients had experienced left basal ganglia intracerebral hemorrhage. The mean time since stroke onset was 30 months (range, 2-90 months). Each patient had been diagnosed as exhibiting a poststroke aphasia by an experienced physiatrist and speech-language pathologist (SLP). Patients were excluded from the study if they had visual field defects, visual neglect or inattention, illiteracy, deafness, poor concentration, or confusion. All patients participated in an individualized, home-based 4-week aphasia treatment program. Our Institutional Review Board approved the study (IRB number B-1206/160-005), and informed consent was obtained from each participant.
PROCEDURES
The telespeech therapy program (iAphasia) was developed on the iPad Ò (Apple, Cupertino, CA) as a mobile application (app) with an emphasis on ease of use. Although the app provided step-by-step, voice-guided directions to allow for more intuitive use, patients with no experience using any mobile device were given additional education on how to use the program by finger movements on the touch screen. The patients' recorded results, such as voice recordings and the touch patterns on each item, were then automatically sent to and stored in a central database. Service providers (e.g., physiatrists and SLPs) could access the data via a Web portal. We used an asynchronous (store-and-forward) type of telerehabilitation system as defined by the American SpeechLanguage-Hearing Association. Subjects were asked to participate in the mobile aphasia screening test, which adopted the Korean version of the shortened version of the Frenchay Aphasia Screening Test described previously. 11 This was included in the app prior to beginning the speech therapy program. The system automatically scored the response and saved the results in a database accessible via a Web portal. The SLP determined the recommend step in each domain (six domains: auditory comprehension, reading comprehension, repetition, naming, writing, and verbal fluency) that subjects would carry out in the speech therapy program. All domains were divided into six steps according to difficulty (Fig. 1) .
The SLP also suggested to patients the most suitable step in each domain for particular types of deficits, as well as particular levels of severity. Subjects performed the speech therapy program at the given step in each domain. Subjects were asked to participate in speech therapy using iAphasia as often as possible and for as long as possible. The SLP provided feedback daily to patients after checking the duration of program usage and the patient records stored in the central database. After completing the 2-week treatment period, the patients were asked to carry out the evaluation program again, to determine the recommended posttreatment step in all domains by the SLP. To evaluate the effectiveness of the iAphasia program, the Korean version of the Western Aphasia Battery (K-WAB) was administered before and after the 4-week speech therapy program. Four weeks after the completion of the treatment, patients were assessed again to determine long-term treatment efficacy (Fig. 2) .
THE iAphasia PROGRAM
The telespeech therapy program for patients with aphasia using the iPad (iAphasia) consisted of six therapeutic domains: auditory comprehension, reading comprehension, repetition, naming, writing, and verbal fluency. Each domain had six levels of difficulty (steps) organized in a hierarchy according to assumed task difficulty and language complexity. All sections started with a sample instruction and had hints provided in addition. Picture-or text-based tasks were also available, enabling use by individuals whose difficulties included impaired comprehension or lack of speech ( Table 1) . This program used a grading system that provides automatic feedback to the patients and tracks improvement by correct answer rate graphs in the six domains.
QUESTIONNAIRE
As part of the feasibility assessment, we quantified user satisfaction with the treatment program by questionnaire. Both participants and caregivers responded to the questionnaire with guidance by a research assistant.
STATISTICAL ANALYSIS
The sample size calculation based on previous literature using K-WAB as an outcome measure showed that eight participants would be needed (alpha <0.05, two-sided, power = 80%). 12 All pre-and post-speech therapy measures were compared using nonparametric statistics (e.g., Wilcoxon's signed-rank test) due to the small sample size. Comparisons included pre-and post-K-WAB subsection scores and the K-WAB Aphasia Quotient (AQ). The percentage increases from baseline in the K-WAB AQ were also compared because baseline scores differed substantially between participants. We correlated program usage time and the change of K-WAB AQ score using Pearson's correlation analysis. All statistical analyses were carried out with SPSS version 18.0 software for Windows (SPSS, Inc., Chicago, IL). A value of p < 0.05 was considered statistically significant.
Results
Demographic characteristics of the eight patients who completed the study are presented in Table 2 . All patients were right-handed.
Baseline K-WAB scores indicated 4 of the patients had severe, 1 moderate, and 3 mild aphasia. After the 4-week treat- positively with improvement in K-WAB scores (rho = 0.861, p = 0.006). For example, the 2 patients who spent more than 23 h on the program demonstrated an 11th percentile improvement in their K-WAB AQ scores, whereas 2 other patients who used the program for more than 72 h showed a 16th percentile improvement in their K-WAB AQs. For those 2 patients who used the program for more than 72 h, the percentage increase from baseline in the K-WAB AQ ([K-WAB AQ measured at 1 month -K-WAB AQ measured at baseline]/ K-WAB AQ measured at baseline ·100) was 55.17% (Table 3) .
QUESTIONNAIRE
All satisfaction items had a mean score above 4 on a 5-point scale (higher values equal greater satisfaction) ( Table 5) , even though most patients were not accustomed to using smartphones or tablet PCs (never used, 4/8; sometimes experienced, 3/8). Overall, the mean satisfaction scores were 4.88 -0.35. In particular, two participants who used the app for more than 72 h responded more positively on the questionnaire.
Discussion
Our data support that the development of iAphasia as a mobile device app with therapeutic utility has the potential to reach underserved or neglected populations of patients with poststroke aphasia.
To our knowledge, there is no scientific literature on the development of a rehabilitation app that can be used in a mobile device for the treatment of chronic aphasia. In general, rehabilitation therapy needs to be provided intensively, and in an easy-to-access format, when needed. 8 Telespeech therapy programs can dramatically improve access to speech therapy services for those who are underserved. We targeted chronic patients rather than acute patients because spontaneous recovery in acute patients is considerable, making it hard to discriminate between spontaneous recovery and a treatment effect. It was reported that patients improved by 73% of their maximum potential recovery (defined as their maximum potential language score minus their initial Western Aphasia Battery score) during the first 90 days poststroke. 13 The degree and rate of improvement may be different for various facets of language. For example, the increase in K-WAB AQ was 24.78%. Among the subscores, auditory comprehension improved most (42.88%), followed by reading (26.21%), naming (25.76%), and fluency (25.04%). This is similar to data from Ferro et al., 5 who reported that comprehension recovered most rapidly. However, Pedersen et al. 14 reported no significant differences in recovery across subscores of the Western Aphasia Battery and found that gains ranged from 54% for comprehension to 78% for naming.
The most powerful predictor of recovery after stroke is the initial severity of aphasia, such that greater severity is associated with poorer recovery. 5, 14 However, the results in this study demonstrated that improvement was strongly and positively associated with program usage time, regardless of the initial severity. In addition, the improvements were not associated with the participant's age or duration of aphasia. Meta-analysis revealed the average effect size of treated patients was smaller but still exceeded that of untreated patients. 7, 15, 16 Bhogal et al. 8 and Meyer et al. 17 reported that the number of hours of therapy provided in a week was significantly correlated with better recovery and that at least 5-10 h in a week were required. Those values are consistent with the findings of the present study. At least more than 23 h in 4 weeks was necessary to show significant improvement. We did a 1-month follow-up assessment to investigate the long-term effectiveness of the telespeech therapy program. The data suggest the improvements after a 4-week period could be maintained for a second month, suggesting the effect is not a transient one.
This study had a few limitations. The severity of aphasia in the participants was diverse [K-WAB AQ (percentile) range, 21-88]. An AQ score above 93.25 in the 15-47-year-old age group, and above 88.30 in the 75-year-old or older age group, is considered normal (nonaphasic). 18 Patients with mild aphasia (Patients 5, 6, and 8) were also enrolled in this study and demonstrated zero or only minimal change in their K-WAB AQ scores. Unfortunately, the K-WAB may not be sufficiently sensitive for the detection of improvement in patients with mild forms of aphasia due to a ''ceiling effect.'' However, we noted that this program was not attractive to patients with mild aphasia, and they spent little time (9-12 h) using the program. Thus, this program may not provide significant treatment to patients with mild chronic aphasia. In addition, because the sole validated questionnaire about telemedicine service only covers video visit programs, we were forced to create our own. 19 Thus, the questionnaire used in this study was not validated, and there are no existing validated questionnaires that could have replaced it. Because the sample size in this study was small, a larger-scale, randomized, and controlled study is necessary to clarify the effectiveness of this program. Even though we did a 4-week follow-up evaluation, more long-term follow up evaluation is needed to confirm the sustainability of the treatment effectiveness. In addition, the participants were highly heterogeneous in terms of postonset duration and initial severity of aphasia. Future studies should attempt to collect a more homogeneous cohort.
Conclusions
We developed a telerehabilitation program for chronic aphasia following stroke that can be used on a mobile device and performed preliminary tests on its feasibility and effectiveness. After a 4-week treatment period, the mean K-WAB AQ scores were significantly improved. The improvement lasted for at least through a 1-month follow-up, suggesting the program could be a feasible and effective treatment method for chronic aphasia patients.
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